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ABSTRACI' 
Residential demand for air conditioning is 
strongly impacted by the surrounding ambient air 
temperature. Research over several decades has docu- 
mented the progressive impact of urban heat islands 
on summer temperatures in the built environment. 
However, less research has examined how the heat 
island is impacted by the more localized meteoro- 
logical environment. How does suburban develop- 
ment and tree canopy cover impact micro-climates in 
a suburban environment? This has implications, both 
for preserving trees within recently constructed 
developments, as well as the potential impact of tree 
planting programs. 
To address this question, temperature rneasure- 
ments were made over a one year period at three 
Melbourne, Florida sites. The results showed a 
forested nature park of 19 hectares to be consistently 
cooler during both summer days and nights than a 
residential development of 9 hectares and density of 
4.6 houses per hectare with an extensive tall tree 
canopy, which, in turn, was consistently cooler than a 
residential development of 37 hectares and density of 
10.1 houses per hectare with very few trees. The 
average July air temperatures for the forested 
undeveloped site, residential site with trees, and 
residential site without bees measured at the project's 
main stations were 26.2.26.9 and 27.8" respectively 
at a 2.5-meter height and 26.7.27.0 and 27.7OC res- 
pectively at a 9-meter height. The 2.5-meter tempera- 
ture differences were greater than 1°C between the 
two residential sites 93% of the time when both sites 
had wind speeds greater than 0.5 mls. Secondary. 
remote temperature sensors grouped around the main 
stations in each of the three sites to account for 
spacial variability registered even larger temperature 
differences than sensors at the main stations. Mobile 
measurements were made on two summer days, with 
good agreement with the main stations. The mobile 
measurement made on a sunny day indicated signifi- 
cant localized warming at commercial sites adjacent 
to the residential development with trees. 
Robin K. Vieira 
Principal Research Engineer 
Florida Solar Energy Center 
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BACKGROUND 
Temperature differences between built-up and 
more rural areas, or heat islands, are caused by a 
combination of factors. Some of the most important 
are the amount of solar radiation received, albedo, 
ernissivity, geometry and thermal properties of the 
surfaces, type and amount of vegetation, and weather 
conditions. A thorough discussion of how these 
factors interact to cause the temperature differences is 
readily available (i.e. Oke 1978. and Landsberg 
1981). 
The consequences of the development of heat 
islands are complex and can be beneficial in some 
areas and seasons and detrimental in others. For the 
focus of this study, cooling dominated climates, the 
increased temperature found in developed areas often 
causes greater air conditioner use, resulting in higher 
energy demand, utility output and CO, production. 
However, wind speeds may be higher in developed 
areas than wooded areas (Heisler 1989) and relative 
humidity levels are generally lower in built-up areas 
than in surrounding rural areas (Ackennan 1987). 
These two factors could actually reduce cooling loads 
in warm, humid climates. Research has documented 
climatic changes in metropolitan areas, new towns 
and even on scales as small as individual buildings. 
Many studies have involved tracking urban area 
temperatures over a period of years. In one of these 
studies, annual temperature highs for downtown Los 
Angeles were analyzed for the period 1877 to 1984. 
Results showed that after 1930, these temperatures 
have increased by 0.7OC (1.3OF) per decade or -3.3OC 
(6.00F) since 1940 (Akbari et. al. 1989). Researchers 
have calculated that the temperature increase in Los 
Angeles has caused a 10% rise in peak energy load 
(Akbari et. al. 1989). A separate analysis of Florida 
Power and Light's summertime peak load revealed an 
82 MW or 1% increase in utility load for each 1°C 
( 1.8OF) outdoor temperature rise (Parker 1988). With 
the rise in peak load comes greater power production 
resulting in increased CO, output. 
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To varying degrees the warming trend seen in 
Los Angeles is also evident in most U.S. urban areas. 
A study conducted for the Washington, D.C. area, for 
example, showed a 0.3"C (0.5"F) per decade rise in 
annual mean temperatures, and a total annual mean 
rise over 80 years of -2.2"C (4.0°F) (Akbari et. al. 
1990). Another study compared average temperature 
data for 3 1 California cities with data for 3 1 rural 
stations over a 100 year period showing up to a 0.4"C 
(0.7") per decade temperature rise after 1940 
(Goodridge 1989). 
Other studies have documented how rapidly the 
urban heat island effect can develop. A study was 
conducted in Columbia Maryland as the town was 
developed and its population grew from 1,000 to 
20,000 between 1968 and 1974 (Landsberg 1975). 
Maximum temperature differences between different 
land use areas within the town grew during this period 
from 1 "C to 7". A similar study showed almost iden- 
tical results for the town of Corvallis, Oregon 
(Hutcheon et. al. 1967). 
Citywide temperature and climate are, of course, 
dependent on the individual contributions of all the 
buildings and vegetation in it. Many studies have 
shown that each building's microclimate and therefore 
cooling and heating energy use is directly affected by 
its albedo and vegetation (see for example 
McPherson 198 1, J.H. Parker 1983, A. Hoyano 
1988). Actual heat island effects have also been 
shown to occur on a single building scale. In one 
study, a measurable temperature difference was 
shown to exist for a five-story brick building that was 
surrounded by a grass area and small wood grove 
(Landsberg 1970). A large enclosed shopping mall 
also showed temperature differences of up to 2°C 
(4°F) under "favorable" conditions (Norwine 1972). 
Studies of neighborhood-sized developments are 
not as numerous. One available suburban scale study 
done in Vancouver B.C. shows significant energy flux 
variations within land areas of 10' to 10' meters 
(Schmidt, et. a1 199 1). Another study compared 
temperatures of a vegetative canopy (approximately 
150 by 307 meters), a mature evergreen tree belt and 
surrounding open fields (Taha et. al. 199 1). Results of 
this study showed that while there were large fluctua- 
tions. the average daytime canopy temperature was 
2°C (3.6"F) lower than the open fields. 
Florida is presently experiencing rapid popula- 
tion growth, receiving more than 500 additional resi- 
dents every day (Pierce 1994). This growth in turn 
leads to land development for housing, roads and 
business in new communities. In many cases, these 
communities are developed in phases of 20.40 or 100 
acres at a time. The purpose of this study then, is to 
further investigate temperature changes as a result of 
differences in land use of these smaller, development- 
scale sites. To accomplish this purpose, extensive 
meteorological measurements were made over a one 
year period at three Melbourne, Florida sites. 
EXPERIMENTAL APPROACH 
Three distinct land areas were experimentally 
compared : 
an undisturbed naturally forested site, 
a developed. residential site almost completely 
lacking natural vegetation, and 
another developed, residential site with a 
moderate amount of natural vegetation and 
substantial tree canopy remaining. 
The ideal experimental land configuration would 
include three large, adjacent, homogeneous areas- 
each representing one of the three distinct land uses. 
This setup would help insure that the data is not 
affected by phenomena other than the ones being 
studied. 
In practice however, site selection was somewhat 
limited by travel constraints, land use permission, and 
the logistics of local development. The sites event- 
ually chosen included a heavily-wooded nature park. 
an adjacent residential neighborhood with mature and 
relatively dense tree cover (tree heights up to 
approximately 18 meters (60 feet)), and another resi- 
dential neighborhood approximately 6.5 kilometers (4 
miles) to the north of the other two sites, with very 
little vegetation and few mature trees. Although it 
would have been desirable to have all three sites 
closer together, no closer, suitable sites were found. 
Figures la  and l b  show aerial views of the three sites. 
Figure l a  and lb.  Aerial views of the sites. 
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The natural forested site is approximately 19 
hectares. The residential site with trees has a total 
area of 9 hectares and house density of approximately 
4.6 houses per hectare, while the residential site with 
few trees has a total size of 37 hectares and density of 
10.1 houses per hectare. Houses at the residential site 
with trees were, however, somewhat larger than the 
houses at the site with few trees. Again, it would have 
been desirable to have used two sites with more simi- 
lar house densities, and while two better sites were 
found, it was not possible to gain permission to use 
them for the study. Road area is approximately 1 1.6% 
of the total for the residential site without trees and 
13.2% for the residential site with trees. The nature 
park has a raised wooden walkway but no roads. 
The area surrounding the nature park and adja- 
cent neighborhood with trees includes other residen- 
tial areas, some industrial areas, a large enclosed mall 
immediately to the southeast and smaller strip mall to 
the east. The area around the neighborhood with few 
trees consists of other residential areas (including a 
similar neighborhood to the west), two story apart- 
ment buildings to the east and north and a strip mall 
to the southeast. 
At each site a weather station with a 9-meter (30 
foot) tower was set-up and meteorological data re- 
corded (at the undeveloped site with trees the instru- 
ment support structures were actually mounted to a 
tree). Greater tower heights were not feasible because 
of a combination of factors including resident con- 
cerns, local government limitations and expenses that 
would have resulted from installing a higher tower for 
long term use. Thus at the sites with trees both mea- 
surements are under the tree canopy. Measurements 
were taken every 15 seconds and averaged or totaled 
over 15-minute intervals. Data was collected daily 
from November 199 1 through January 1993 at the 
two residential sites and from April 1992 until Feb. 
1993 at the forested site. 
At the 9-meter (30 foot) height, measurements 
made were limited to temperature, relative humidity, 
wind speed, and wind direction. At 2.5-meters (8 
feet), measurements included the above four plus 
solar and long-wave radiation, rainfall. and mean 
radiant temperature. Part of the tower (to the north) 
was within the field of view of the solar radiation 
sensors at all three sites. The solar radiation sensor at 
the site without trees was installed where it was fully 
exposed to direct sunlight; but some house roofs were 
also within the field of view. Since the primary pur- 
pose of the experiment was comparison, these loca- 
tions were selected to be as representative as possible 
within the limitations of the experiment (as noted, it 
was not possible to measure above canopy height at 
the sites with trees). Additionally, ground tempera- 
ture measurements were taken at each site. Figures 
2 a  b, and c are photographs of the station set-up at 
each of the three locations - the undeveloped site with 
trees, the residential site with trees and residential site 
without trees respectively. The data was collected 
with data loggers housed at each site and transferred 
daily through a modem and phone or cellular con- 
nection to a mainframe computer for analysis. 
Figure 2a Instruments at undeveloped site with trees. 
Figure 2b. Meteorological Figure 2c ~eteoro lo~ i& 
station at residential site station at residential site 
with trees. without trees. 
Since temperature differences were expected to 
be small, the thermocouples were calibrated against 
NIST traceable reference thermometers using ice, arn- 
bient, and heated baths to within +0.0tioC (+0.1l0F) 
of each other. At the end of the study period, the 
thermocouples were recalibrated to insure that the 
measurements had remained accurate throughout the 
experiment. Comparisons of the two calibrations 
yielded temperature differences less than 0.04OC 
(0.07"F). 
Shielding the thermocouples from solar radiation 
was also an important consideration because by 
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design the study involved three sites with signifi- 
cantly different solar radiation levels. A study was 
conducted to find the most effective commercially 
available radiation shields (Sonne et. al. 1993). Both 
naturally and fan aspirated shields were tested. Al- 
though naturally aspirated shields were generally 
found to be effective, their ability to reduce radiation 
effects was substantially decreased at times of low 
wind speed. Since the three sites studied would ex- 
perience significant wind speed differences due to 
varying amounts of vegetation at each site, it was 
decided that naturally aspirated shields would not be 
appropriate for the purposes of the project. Of the two 
fan aspirated shields tested, one was clearly more 
effective in reducing radiation error. A comparison of 
temperatures obtained using seven of the more 
effective shields showed temperature differences of 
up to 0.4"C (0.7"F) during certain daytime hours on 
clear days but consistently less than O.l°C (0.2"F) 
differences during nighttime hours. The average tem- 
perature difference was 0.12"C (0.22"F). Because of 
the need for highly accurate temperature measure- 
ment for this study, methods to further reduce the 
effect of radiation were considered and tested but 
without success. Consequently, while greater 
accuracy would be very desirable, it is not believed 
that significant improvements are practically feasible 
for field experiments. 
Because of the dapme temperature differences 
observed in side-by-side shielding tests, and since 
observed shielding test results include data logger and 
sensor error, it was concluded that any measured day- 
time temperature difference between field sites could 
include up to 0.4OC (0.7"F) that is not site-related. A 
20.4"C (0.7"F) error band is assumed to be the maxi- 
mum total error possible and is used in all discussions 
of daytime temperature differences. As a very conser- 
vative measure, this error band is also applied to 
long-term (24-hour or longer) average temperature 
differences. 
Secondary, remote air temperature measurement 
stations were set-up at various locations within the 
three sites (four stations per site) at approximately 6 
feet from the ground to account for spatial variability 
(see Figure 1). These naturally aspirated stations used 
relatively inexpensive self-contained sensor/data 
logger units with measurement increments of 0.3"C 
(OS°F) and accuracy to about 1°C (1.8OF). 
Mobile temperature measurements were also 
made during the study period as another means of 
accounting for spatial variability and obtaining 
temperatures of locations surrounding the test areas. 
Mobile test measurements date back to 1927 (Lands- 
berg 198 1). The measurements for this study were 
made by driving through the test and surrounding 
areas with a van equipped with a video camera and 
shielded thermocouple mounted outside the vehicle. 
A closed path was driven and retraced to account for 
temperature changes during the test. 
SUMMER RESULTS 
General 
While some year long and winter results will be 
discussed, the heat island effect in Florida is most 
important during the summer months, and so the pre- 
sentation of results will concentrate on summer data. 
July data is chosen as a representative month. The 
average July temperatures for the forested undevelop- 
ed site, residential site with trees, and residential site 
without trees were 26.2.26.9 and 27.8"C respectively 
at the 2.5-meter height and 26.7.27.0 and 27.7"C 
respectively at the 9-meter height. Figures 3a and 3b 
are plots of average 2.5-meter and 9-meter July air 
temperatures. The unshaded residential site without 
trees was consistently warmer than the residential site 
with trees and the undeveloped site with trees, which 
was consistently the coolest of all three sites at both 
heights. 
r 
Monthly Averaged Air Temperatures 
for .!I@- 2 . 5 ~ 1  Height 
Monthky Aver- Air Temperaturn 
for July- 9m Height 
. s2 
Figure 3a and 3b. Comparison of 24-hour averaged July 
air temperatures for the three experimental sites - 2.5 
meter and 9 meter height, respectively.. 
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The greatest differences occurred during the 
afternoon hours. The peak afternoon temperature at 
the undeveloped forested site during July was typi- 
cally 0.4 to 1.4"C 4.4"C (at 2.5 m) and 0.1 to 1 .O 
4.4"C ( at 9m) cooler than the peak afternoon tem- 
perature at the residential site with many trees. This 
residential site with a tree canopy had peak afternoon 
temperatures during July typically 0.6 to 1.7"C 
&4"C (at 2.5m) and 0.0 to 0.8"C r0.4"C (at 9m) 
cooler than at the residential site without trees. 
Temwratures During Sunniest Periods 
As would be expected, average July temperature 
differences were somewhat larger for periods when 
the solar radiation exceeded 500 W/mZ at the site 
without trees, (197 hours during July). For these per- 
iods, the undeveloped forested site had an average 
temperature of 28.9"C, while the residential site with 
trees had an average temperature of 29.7"C, and the 
site without trees had a temperature of 30.8"C, all at 
the 2.5-meter height (Figure 4a). The averaged maxi- 
mum temperatures under these strong solar conditions 
were 30.4"C. 3 1.1 "C and 32.4"C for the forested, 
residential site with trees, and unshaded residential 
site, respectively. 
Manthly Averaged Sder Limited 
Air Temperatures far July- 2.5m He$M 
34 34 
0 3 6 B 12 15 18 21 24 
Time Br) 
Figure 4a. Averaged 2.5-meter July temperatures for the 
three experimental sites during periods of horimtal solar 
radiation >= 500 W/mA2. 
The nine-meter measurements were much closer, 
with only 0.3 r0.4"C and 0.4 4.4"C separating the 
sites on average as shown in Figure 4b. The maxi- 
mum differences were similarly small. 
MontMyAveragedSderM 
Air 1- for July- 9m HeigM 
34, (34 
I 
Figure 4b. Averaged 9-meter July temperatures for the 
threeexperimental sites during periods of horizontal solar 
radiation >= 500 WmA2. 
Remote Measurements 
The remote, self-contained sensorldara loggers 
tended to indicate higher average air temperatures 
than the 2.5-meter station measurements. Figure 5 
shows the forest-park station temperature during July 
1992 to be lower than the remote temperatures in the 
afternoon and night, but higher in the morning. None 
of the forest site sensors were exposed to much solar 
radiation; due to several past fires and slight changes 
in elevations though, the tree canopy is not uniform 
throughout the park (the 2.5-meter station is in one of 
the most densely forested sections of the park site). 
These differences in uniformity combined with sensor 
accuracy and radiation shielding differences could be 
part of the explanation for the temperature 
discrepancies. 
Figure 5 also shows the July average air 
temperatures of the remote sensors at the residential 
site with trees. Three of the sensors had average July 
temperatures within 0.6"C of the 2.5-meter station 
temperature. Another unit showed extremely high 
temperatures. There is no apparent explanation for 
this inconsistency except to assume a faulty sensor; 
no post-calibration was conducted for the remote 
sensors. 
The last plot in Figure 5 show average remote 
temperatures during July at the residential site with- 
out trees. The remote sensors appear to be greatly 
affected by solar radiation, having average daily 
maxi-mum temperatures 3.5"C to 5°C higher than the 
station temperature. However. the three remote sen- 
sors' average temperatures are within 0.5"C of one 
another. 
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Residential Site with Trees 
Figure 5. =-meter station and remote 24-hour averaged 
July temperatures at the three experimental sites. Insert 
shows locations of remote semrs relative to station. Data 
from remote sensor 1019 is not included due to sensor 
failure. 
While the limitations and probably significant 
solar radiation error of the remote measurements must 
be considered, the data are generally consistent with 
station data, showing the undeveloped forested site to 
be consistently cooler than the residential site with 
trees. and the residential site without trees to be 
warmest. 
cooler than the residential site without trees. For the 
p.m. August 1 1 mobile test, the residential site with- 
out trees is initially cooler than the site with trees 
during the first test loop. This reversal is also seen in 
the 2.5-meter station data, the site with trees being as 
much as 1 .g°C (3.4OF) warmer than the site without 
trees. During the second loop, the site without trees 
again becomes slightly wanner than the site with 
trees. An enclosed regional mall parking lot, located 
within 0.8 la. (0.5 mi.) to the southeast (generally 
windward during the summer) of the residential site 
with trees, had consistently higher temperatures than 
both the residential sites during all three mobile tests. 
Mall temperatures exceeded those of the residential 
site without trees and with trees by up to 1.7OC (3.1 O F )  
and 0S0C (O.g°F) respectively. 
Mobile T- Tast WlB2 (AM) 
Avereged Tempemlures for Locstions 
- - -  - - - 
Fi*e 6% Averaged temperatures of sites along mobile 
route for morning August 11 run. Neighborhoods A,B and 
C are sites on &bideroute near the Lhree study sites. 
Figure 82 Averaged temperatures of sites along mobile 
route for afternoon August 20 run. Neighborhoods A, B 
and C are sites on mobile route near the three study site. 
Mobile Measurements 
The temperatures from mobile tests made August 
1 1 and August 20 are given in Figures 6a, 7a and 8a. 
Both the a.m. August 1 1 and August 20 mobile data 
show the residential site with trees to be consistently 
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Figure 7a. Averaged temperatures of sites along mobile 
route for afternoon August 11 run. Neighborhoods A, B 
and C are sites on mobiie route near the three study sites. 
Solar radiation data for the two days mobile tests 
were run are also given, the time of the runs high- 
lighted in each plot (see Figures 6b,7b and 8b). Partly 
cloudy conditions existed for both the a.m. August 11 
and August 20 mobile test runs. During the p.m. 
August 11 run, there was a period of very low solar 
radiation corresponding to the period during which 
the residential site with trees gave warmer mobile 
temperatures than the residential site without trees. 
Hamontsl Sdar Radiation W11192 
Figure 6b. Horizontal solar radiation a t  residential site 
without trees for day of August 11 mobile run. Actual 
period of morning mobile run is shaded. 
Horizontal Sdar Radiation 811 1/92 
Figure 7b. Horizontal solar radiation at residential site 
without trees for day of August 11 mobile run showing 
actual period of afternoon run and low radiation at start 
of Nrl. 
Figure 8b. Horizontal solar radiation at residential site 
without trees for day of August U) mobile run showing 
actual period of afternoon run. 
Agreement between mobile and main station 
temperature sensors at the residential sites was good, 
as is shown in Figure 9a and b. It was not possible to 
take the mobile measurements for the forested station 
any closer than the parking lot- 900 meters away. The 
mobile measurement in the parking lot was con- 
sistently warmer than the forest station measurement. 
Mobile Temperatun, Test Wl 3/92 
Comparison with Station Data 
Figure 9% Comparison of August 11 mobile temperatures 
to 25-meter station temperatures at residential sites. 
qgure 9b. Comparison of August 20 mobile temperatures 
o =-meter station temperatures a t  residential sites. 
ESL-HH-00-05-32
Proceedings of the Twelfth Symposium on Improving Building Systems in Hot and Humid Climates, San Antonio, TX, May 15-17, 2000
Wind-Direction Dewndent Tem~erature Differences 
Consistent with previous studies, the wind speed 
at the residential site without trees was much greater 
than at the residential site with trees (see Heisler 
1989). Note that in all wind speed comparisons, the 
sensor threshold of 0.45 mls is used to represent any 
wind speeds between 0.0 and 0.45 mls and as a result 
there will be some inaccuracy in the comparisons. On 
average, the wind speed at the site without trees was 
approximately 3.5 times higher at nine-meters and 2.2 
times higher at two-meters than the wind soeed at the 
residentk site with trees. As shown in ~ i b r e s  10a 
and lob, the daytime wind speeds increased signifi- 
cantly more at the site without trees than at the sites 
with trees. For example at the site without trees, at 
nine-meters, the average 1600 hour wind speed was 
3.7 times higher than the average 0700-hour wind 
speed. The same comparison for the residential site 
with trees, while more affected by sensor threshold, 
shows only a factor of two increase. Wind speeds at 
the forested, undeveloped site were slightly lower 
than the wind speeds at the residential site with trees. 
Figure 10a. Averaged 25-meter wind speeds at the th~ 
experimental sites during July. 
W W y  A- 9m Wnd Speeds I '5 
Figure lob. Averaged 9-meter wind speeds at the three 
experimental sites during July. 
YEAR-LONG RESULTS 
Figure 1 1 was constructed using weekly averaged 
2.5-meter air temperatures over the entire year. It 
shows that while averaged temperatures are almost 
always warmest at the residential site without trees, 
temperature differences are greatest during the 
summer months. 
An analysis was also made of temperatures 
throughout the day on the four coldest days that data 
from all three sites are available. The residential site 
without trees is still generally warmest during the day, 
averaging OS°C (0.9OF) warmer than the undeveloped 
site with trees and 0.3OC (OS°F) warmer than the 
residential site with trees for the four days shown. No 
clear nighttime differences exist. Cold weather in  
Melbourne, Florida is rare and usually associated 
with a cold front that penetrates into the Florida 
peninsula and, as a result, is accompanied by clear 
skies. 
ZSMeter Air Temperature Comparison 
For Entire Year 1992 (Weekly Averages) I 
0 4 8 1 2 1 8 P U ~ 3 2 3 8 4 0 4 4 4 8 5 2  
Weeks (tmm wnning of year) I 
: - Rddedal wlo Trws: Awg=23.5 
1 - RddmtbI  WI 1-1 Avp23.0 ) 1 - Unbwloped W Tmas: AvepP.5 
-- 
Figure 11. 25-meter air temperature data: averaged 
weekly for entire year 1992. Data for the undeveloped site 
without trees was not available early in the year. Averages 
are for period that temperature data was available at all 
three sites. 
SUMMARY 
The data collected shows average 2.5-meter air 
temperatures in an undeveloped, forested site to be 
0.7 4.4OC (1.3OF &.7OF) lower than an adjacent 4.6 
house per hectare residential development site with 
significant tree canopy during July. This residential 
site with trees had average July 2.5-meter tempera- 
tures 0.9 4.4OC (1.6OF 2 0.7OF) lower than a 10. l 
house per hectare residential site without trees located 
6.5 kilometers (4 miles) north. 
The consistency of summer temperature dif- 
ferences at the three station sites combined with the 
agreement of remote and mobile measurements in- 
dicate that definite, measurable, temperature dif- 
ferences exist. While it is important to consider the 
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possible effects of surrounding larger areas on the 
measurements, both the physical site layout and 
mobile measurements suggest that if anything, the 
results are somewhat conservative. The presence of a 
large shopping mall located to the windward side 
(during the summer) of the residential site with trees, 
especially tends to indicate that these temperature 
differences are due to small scale effects. 
However, more research is needed before it is 
possible to conclude exactly which factors are most 
important in causing the temperature differences 
between the sites. Tree cover, house density and 
albedo are all important considerations; the actual 
contribution of each one cannot be known with 
certainty from the results of this study. 
ACKNOWLEDGMENTS 
The authors are grateful for technical assistance 
provided by Sue Grimmond of Indiana University, 
Hashem Akbari of Lawrence Berkeley Laboratory 
and Gordon Heisler, Greg McPherson and Jim 
Simpson of the USDA Forest Service. Florida Solar 
Energy Center employees assisting with the project 
included Safiat Kalaghchy- mainframe computer 
work, Raul Montez- field work, Phil Read- station 
set-up, and Armin Rudd- datalogger set-up and 
datalogger/computer interface. We also thank Jack 
Masson, Operations Director of the Brevard County 
Parks and Recreation Department, for allowing us to 
use one of the parks as the undeveloped experimental 
site. Finally the authors acknowledge the Florida 
Energy Office for partial funding of this project. 
REFERENCES 
Ackerman, B., 1987: "Climatology of Chicago Area 
Urban-Rural Differences in Humidity," J o u d  of 
Climute and Applied Meteorology, Vol. 26, p. 427- 
430. 
Akbari, H., R Rosenfeld and H. Taha, 1989: "Recent 
Developments in Heat Island Studies: Technical and 
policy," Controlling Summer Heat Islands, LBL- 
27872, p. 15-30. 
Akbari, H., A.H. Rosenfeld and H. Taha, 1990: 
"Summer Heat Islands, Urban Trees, and White 
Surfaces," ASHRAE Transactions, AT-90-24-1, p. 
1382. 
Goodridge. J.. 1989: "Urban and Rural Differences in 
Long Range Air Temperature Trends in California, 
19 16 to 1987". California State University. 
Heisler, Gordon M., 1989: "Mean Wind Speed Below 
Building Height in Residential Neighborhoods," 
Controlling Summer Heat Islands, LBL-27872, p. 
264. 
Hoyano, Akira, 1988: "Climatological Uses of Plants 
for Solar Control and the Effects on the Thermal 
Environment of a Building," Energy and Buildings, 
VO~. 11, p. 181-199. 
Hutcheon, R.J. et. al., 1967: "Observations of the 
Urban Heat Island in a Small City," Bulletin of the 
American Meteorological Society, Vol. 48, p. 7-9. 
Landsberg, H. E., 1970: "Micrometeorological Tem- 
perature differentiation Through Urbanization," 
Urban Climates. WMO Tech Note, No. 108, p. 129- 
136. 
Landsberg, H. E., 1975: "Atmospheric Changes in a 
Growing Community," Institute for Fluid Dynamics 
and Applied Math. Tech. Note. No. BN 823. 
Landsberg, H. E., 198 1 : The Urban Climate, 
Academic Press, New York. 
McPherson, E. Gregory, 198 1 : "The Effects of 
Orientation and Shading from Trees on the Inside and 
Outside Temperatures of Model Homes," Proceed- 
ings of the Intemtwnal Passive and Hybrid Cooling 
Con$:, Miami Beach, FL, ASISES, p. 369-373. 
Norwine, James R., 1972: "Heat Island Properties of 
an Enclosed Multi-Level Suburban Shopping Center," 
Bulletin of the American Meteorological Society, 
Vol. 54 NO. 7, p. 637-641. 
Oke, T.R., 1978: Boundary Layer Climates, William 
Clowes and Sons Limited, London. 
Parker, D.S., 1988: Internal FSEC Memo to Staff on 
Florida Power and Light Peak Loads, June 17. 
Parker, John H., 1983: "The Effectiveness of 
Vegetation on Residential Cooling," Passive Solar 
Journal, Vol. 2. No. 2, p. 123. 
Pierce, Ann C., Ed., 1994 Florida Statistical 
Abstract, Twenty-eighth Edition. Bureau of Econo- 
mic and Business Research, College of Business 
Administration, University Presses of Florida, 
Gainesville, Florida, p. 8. 
ESL-HH-00-05-32
Proceedings of the Twelfth Symposium on Improving Building Systems in Hot and Humid Climates, San Antonio, TX, May 15-17, 2000
Schrnid, H.P., H.A. Cleugh, C.S.B. Grimmond and 
T.R. Oke, 199 1 : "Spatial Variability of Energy Fluxes 
in Suburban Terrain," Boundary-Layer Meteorology, 
VO~.  54, p. 249-276. 
Sonne, J.K., R.K. Vieira, A.F. Rudd, 1993: "Limiting 
Solar Radiation Effects on Outdoor Air Temperature 
Measurement," ASHRAE Treansactions, Vol. 99, Part 
1 .  
Taha, H., H. Akbari and A. Rosenfeld, 1991 : "Heat 
Island and Oasis Effects of Vegetative Canopies: 
Micro-Meteorological Field-Measurements", 
Theoretical and Applied Climatology, Vol. 44, p. 
123-138. 
ESL-HH-00-05-32
Proceedings of the Twelfth Symposium on Improving Building Systems in Hot and Humid Climates, San Antonio, TX, May 15-17, 2000
